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ATTRACT 


The  nonlinear  pressure  response  of  toumallne  air-bluet  gaugoi  of 
various  shapes  to  one-pound  spherical  pentolite  charges  has  oeen  in* 
vestigated  by  comparing'  peak  pressures  recorded  by  the  gaugee ^  baaed 
xtpon  the  extrapolated  values  of  the  effective  dynaittie  oalibrationi  at 
zero  peak  pressure)  ifith  absolute  pressures  obtained  from  velocity 
measurements  of  shock-fwnt  propagation.  The  peak  pressure  range  of 
10  to  80  pounds  has  been  covered.  The  response  errors;  involved  have 
been  calculated  from  theoretical  considerations)  and  the  totals  of 
these  errors  con^ared  with  the  recorded  errors*  A  comparison  has 
been  made  with  the  results  previously  reported  from  one-eighth  pound 
spherical  pentolite  charges*^ 


INTRODUCTION 


Among  other  characteristicsj  linearity  of  response  is  an  inQ)ortant 
specification  for  an  air-blast  gauge;  that  is,  the  response  should  be 
directly  proportional  to  the  pressiire  applied. 

The  responses  of  tourmaline  air-blast  gauges  are  linear  when  they  are 
"statically  calibrated."  This  is  a  procedure  In  which  the  gauge  is  placed 
in  a  pressure  chamber  having  a  cellophane  window,  Air  pressure  is  applied 
to  the  chamber  until  the  desired  pressure  level  Is  reached.  The  cello¬ 
phane  window  is  then  punctured,  and  the  gauge  response  Is  applied  to  an 
oscillograph.  The  resulting  trace  is  photographed,  and  the  response  of  the 
gauge  is  evaluated  by  comparing  the  amplitude  of  the  trace  with  the  anq)ll- 
tudes  of  a  series  of  calibration  steps.  The  calibration  steps  are  produced 
by  applying  known  voltages  to  precision  condensers,  and  then  discharging 
the  condensers  into  the  circuit. 

Air-blast  gauges  are  used  edge-on  in  field  work,  since  the  an^lltude 
of  the  pressure-time  trace  is  used  to  detericlne  the  "peak  pressure"  of  the 
shock  wave,  and  the  duration  of  the  positive  phase  of  the  pressu^'e-tlme 
trace  gives  an  indication  of  the  shock  wave  duration.  Both  of  these  para¬ 
meters  are  important  factors  in  determining  the  damage  that  will  be  caused 
by  a  given  explosive  charge. 

VIhen  used  in  this  fashion  in  field  work,  the  responses  of  air-blast 
gauges  are  non-linear;  that  Is,  the  responses  are  progressively  reduced 
as  the  peak  pressure  level  Is  increased.  This  non-linear  responae  haa 
been  attributed  to  two  errors,  namely  "gauge-site  error"  and  "hl^h  fre¬ 
quency  response  error, The  gauge-size  error  la  a  function  of  the  dia¬ 
meter  of  the  sensitive  element  of  the  gauge  and  the  shock  duration,  the 
lattor  varying  with  the  charge  weight  and  the  distance  from  the  charge. 

For  a  given  shock  duration,  the  smaller  the  diameter  of  the  sensitive 
element,  the  less  the  gauge-size  error,  the  minimum  diameter  In  practice 
being  determined  by  the  sensitivity  requirements  of  the  recording  system. 
The  high  frequency  amplifier  response  error  is  a  function  of  the  frequency 
response  of  the  recording  amplifier  and  the  frequencies  that  are  ^lled 
to  the  gauge,  ‘Both  of  these  errors  have  the  effect  of  rounding  off  the 
peaks  of  the  pressure-time  traces. 

The  shock  tube  is  an  instrument  which  can  be  used  to  test  the  response 
of  air-blast  gauges.  Essentially  it  consists  of  two  cylindrical  sections, 
placed  end  to  end,  and  separated  by  a  cellophane  diaphragm.  The  alr-blaet 
gauge  is  mounted  edge-on  near  the  middle  of  the  open-ended  section,  and 
compressed  air  is  allowed  to  enter  the  closed  end  section.  The  cellophane 


1.  "Design  and  Use  of  Piezoelectric  Gauges  for  Measurement  of  Large 

Transient  Pressures";  A.  B,  Arons  and  R.  H.  Cole;  Review  of  jSclentlflc 
Instruments ;  January,  19^0  "" 
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diaphragm  is  then  punctured  and  the  escaping  air  produces  a  shock  wave 
which  travels  down  the  tub?i,  causing  the  air-blast  gauge  to  respond.  This 
instrumenb  has  the  advantage  thvl  both  the  gauge-si*e  error  and  the  high 
frequency  amplifier  response  orror  are  eliminated  since  a  step  function  is  pro¬ 
duced,  the  amplitude  of  which  can  be  measured  accurately  even  thou^  the 
corner  of  the  step  function  may  be  rounded  off. 

Whan  air-blast  gauges  are  calibrated  in-a  J]to6^«stube,  however,  their 
responses  are  also  found  to  be  non-linear Tlds  induced  response  has 
been  attributed  to  a  oflov-effect**  around  the  gauge  housing,  essentially 
a  Bernoulli  effect j  consequently  it  is  believed  that  this  flow-effect  error 
can  be  reduced  by  equippixig  the  gauge  with  a  baffle  designed  to  reduce  the 
perturbation  of  the  blow  behind  the  shock  front  to  a  minimum.^ 

Air-blast  gauge  response  data  were  needed  by  this  laboratory  in  con¬ 
nection  with  the  design  and  development  of  air-blast  gauges  which  are 
relatively  free  from  response  errors  up  to  M/ach  1  (57  Ib7ic2  peak  pressure) , 
and  field  tests  were  conducted  in  order  to  obtain  ^e  desired  Information 
since,  as  previously  stated,  the  shock  tube  measures  the  mags^tude  of  the 
flow-effect  error  alone.  Moi'eover,  the  peak  pressure  range  which  could  be 
covered  with  the  five-inch  shock  tube  available  to  this  Uboratozy  was 
limited  to  from  3  to  l5  lb/in2«  Also,  the  diameter  of  the  gauges  was  equal 
to  four-fifths  of  the  diameter  of  the  shock  tube,  which  would  make  the 
results  suspect  because  of  reflections  from  the  wall  of  the  shock  tube* 

The  results  of  the  first  series  of  tests,  employing  one-eighth  pound 
bare  spherical  cantolite  charges,  have  been  previously  reportedT^ 

The  recording  amplifiers  of  the  Princeton  Trailer#^  idiich  was  used  for 
the  first  series  of  tests,  had  poor  frequency  characteristics  due  to  filters 
which  were  installed  to  suppress  radio  interference  at  17#800  cycles  in 
connection  with  another  testing  program. 

"Characterisiics  of  Air-Blast  Gauges:  Response  as  a  Fxmetion  of  Prfssure 
Level" j  A.B.  Arons,  C.W.  Tait,  G.K,  Fraenkel,  and  K.M,  Doanej  NDRC,  Giv, 

2,  AES-8a,  OSRD-U875a}  19U5. 

2.  "Characteristics  of  Air-Blast  Gauges,  II:  Response  as  a  Function  of  Pres¬ 
sure  Level";  C.W.  Tait  and  W.D.  Kennedy;  NDRC,  Div.  2,  AES-llc,  OSRD- 
5271c;  19U5. 

3.  "On  the  Estimation  of  the  Perturbations  due  to  Flow  Around  Blast  Gauges* j 
J.K.L.  MacDonald  .ind  S.A.  Schaaf;  AMP  Note  No,  22,  AMG-NYU  136;  19l{.6. 

"Response  of  Air-Biast  Gauges  of  Various  Shapes  as  a  Function  of  Pressure 
Level";  S.T*  Marks;  BRL  Report  No,  73U;  1950* 

5.  Princeton  Trailer:  A  mobile  2U -channel  cathode-ray  tube  recording  system 
consisting  of  D.C,  amplifiers,  cathode-ray  tube  circuits,  timing  circuits, 
calibration  circuits,  power  supplies,  and  auxiliary  test  and  measuring 
circuits,  Thi’ee-inch  cathode-ray  tubes  are  eng^loved,  the  traces  being 
photographed  on  35mm  film  moving  at  speeds  up  to  48O  inches  per  second. 

The  frequency  response  of  the  D.C,  amplifiers  is  Hat  to  15  KC  and  is  down 
6  db  at  50  KC.  The  response  is  attenuated  between  15  KC  and  20  KC  by 
filters  in  order  to  eliminate  interference  from  radio  station  NSS  at  17*8 
KC.  The  equipment  requires  two  35  KWA  generators. 
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It  was  also  believed  that  it  would  be  aesirable  to  use  larger  charges, 
since  the  results  obtained  from  larger  charges  are  more  reproducible. 

2 

Moreover,  the  previous  series  of  tests  were  termina’jed  at  the  UO  Ib/in 
peak  pressure  level,  whereas  air-blast  gauge  response  data  at  higher  pres¬ 
sures  was  desired. 

It  was  therefore  decided  to  retest  the  sane  gauges  over  the  10  to  80 
Ib/in^  peak  pressure  range,  using  one-pound  bare  spherical  pentolite  charges, 
and  to  employ  the  ’v/hite  Trailer,^  «diich  has  recording  amplifiers  whose  fre¬ 
quency  characteristics  are  excellent. 

This  report  presents  the  results  obtained  from  the  second  series  of 
tests  and  makes  a  comparison  with  the  results  previously  reported, 

EXPERIMENTAL  PROCEDURE 

Essentially  the  same  experimental  procedure  was  followed  as  was  used 
previously,  although  certain  modifications  and  improvements  were  incor¬ 
porated,  These  will  be  described. 

One-pound  bare  spherical  pentolite  charges  were  fired  at  a  series  of 
predetermined  distances  from  the . air-blast  gauges  being  tested,  these  dis¬ 
tances  having  been  selected  from  the  “Pressure  Versus  Scaled  Distance” 
graph  ocmpiled  by  the  Terminal  Ballistics  Laboratory,  so  as  to  produce  the 
desirea  series  of  peak  pressures  at  the  gauge  positions  (Figures  1  and  2), 

The  charges  were  suspended  with  light  cord  from  a  steel  rack  having  runners 
next  to  the  ground  so  that  its  location  could  easily  be  adjusted.  The  air- 
blast  gauges  were  mounted  in  the  ends  of  horisontal  two-foot  sections  of 
pipe,  which  were  attached  at  their  mid-points  to  the  tops  of  upright  two- 
by-four’s  with  pipe  clamps.  This  arrangement  allowed  the  air-blast  gauges 
to  protrude  from  their  supports,  thus  avoiding  the  possibility  of  reflec¬ 
tions  interfering  with  the  records  and  also  permitting  the  positions  of 
the  gauges  to  be  adjusted  easily.  Both  the  charges  and  the  gauges  were 
supportfc-4  ai;  a  height  of  five  feet  above  level  ground,  this  elevation  having 
been  selected  as  being  high  enough  to  prevent  ground  reflections  from  af¬ 
fecting  the  records  and  at  the  same  time  low  enough  to  permit  necessary 
adjustments  of  the  gauge  positions. 


1 ,  Whi ie  Trailer;  A  mobile  four-channel  cathode-ray  tube  recci ding  system 
consisting  of  D.C,  amplifiers,  cathode-ray  tube  curcuits,  txming  cir- 
cul  ts,  calibration  circuits,  power  supplies,  and  auxiliary  test  and 
measuring  circuits.  Nine-inch  cathode-ray  tubes  are  employed,  the  traces 
being  photographed  with  a  6-3/8  inch  lens  at  an  opening  of  F  2,5>  on  90ram 
photographic  paper  moving  at  speeds  up  to  U80  inches  per  second.  The  fre 
quency  response  of  the  D.C,  amplifiers  is  flat  to  80  KC.  The  equipment 
requires  two  10  KWA  motor  generators. 


!  I 

V.G.  V.O. 


FIG.  1  EXPERIMENTAL  TEST  SETUP 

V.G.**  VELOCITY  GAUGES;  B.G.:  BLAST  GAUGES 
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FIG.  a.  PRESSURE  VERSUS  SCALED  DISTANCE 
R«  Distance  froni  charge  VV*  eight  of  charge 


Included  in  the  group  of  air-blast  gauges  tested  were  two  BRL  gauges, 
two  experimental  pancake-shaped  gauges,  and  an  experimental  pencil-shaped 
gauge,  thus  making  it  possible  to  obtain  data  concerning  a  wide  range  of 
baffle  shapes  (Figure  3).  Two  air-blast  gauges  were  tested  at  a  time,  a 
prerequisite  for  firing  being  that  the  resistances  of  the  gauges  and  cables 
had  to  be  not  less  than  $00  megohms. 

It  was  assumed  that  the  shock  waves  produced  ware  spherical  at  the 
gauge  positions,  and  hence  the  blast  gauges  were  made  equally  distant  from 
the  charges  before  each  charge  was  fired,  thus  avoiding  additional  cal¬ 
culations.  The  distance  measurements  were  made  with  a  steel  scale  to  the 
nearest  0.01  inch. 

The  two  pairs  of  Rochelle  salt  velocity  gauges  previously  employed 
were  replaced  by  two  pairs  of  barium  tltasiate  velocity  gat^es  developed 
in  connection  with  this  program^,  one  pair  being  plaeeu  on  each  side  of  , 
the  blast  gauges  being  tested,  with  the  forward  gauges  of  esch  pair  one 
foot  ahead  of  the  blast  gatiges,  and  the  rear  gauges  one  foot  behind  them,' 

The  outputs  of  the  gauges  were  fed  into  oscilloscopes  and  recorded 
on  oscillograph  recording  paper.  The  two  separate  film  records 
jpreviously  used,  one  for  the  calibration  and  blast  gauge  records  end  the 
other  for  the  velocity  gauge  records,  were  replaced  one  Eastman  Kodak 
oscillograph  paper  record.  Type  697,  moving  at  UO  ft/^ec*  Two  blast  gauge 
channels  were  employed,  a  series  of  calibration  steps  having  been  recorded 
on  these  channels  before  each  charge  was  fired.  Two  velocity  channels 
were  also  en^loyed,  the  outputs  of  the  velocity  gauges  being  applied  to 
the  horizontal  plates  of  the  oscilloscope  in  the  form  of  a  square  wave, 
fdille  the  output  of  a  crystal  controlled  oscillator  was  applied  to  the 
vertical  plates,  k  harmoni.c  of  the  oscillator  was  checked  against  radio 
station  \4WV  before  each  group  of  charges  was  fired  in  order  to  insure  timing 
accuracy.  The  arrival  times  of  the  shock-front  at  the  velocity  gauges  was 
thus  recorded  in  the  form  of  rectangular  pips  on  10-KC  syTaietrical  triangu¬ 
lar  traces,  two  microsecond  reading  accuracy  being  achieved  without  diffi- 
ciilty.  This  arrangement  proved  to  be  desirable  because  the  oscillograidi 
reco]?ding  paper  can  be  developed  at  the  firing  site  right  after  the  charge 
is  fired,  permitting  immediate  inspection  of  the  results.  In  addition,  it 
was  found  that  the  oscillograph  recording  paper  was  easier  to  read,  could 
be  read  much  faster,  and  could  be  read  with  equal  accuracy. 

The  atmospheric  pressure  was  recorded  with  a  calibrated  and  teit?)era-. 
ture  compensated  aneroid  barometer  located  at  the  fixing  site  and  placed 
at  the  same  height  as  the  group  of  air-blast  gauges  being  tested.  This 
barometer  was  checked  against  a  precision  mercury  barometer  at  intervals 
to  insure  accuracy. 


1.  A  Barium  Tltanate  Velocity  Gauge;  S.T.  Harks,  BRL  Technical  Note  No. 
U61;  May  19$1. 
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The  velocity  of  sound  was  obtained  by  recording  the  temperatur’e  of 
the  air  at  the  firing  site  with  a  calibrated  mercury  thermometer  making 
relative  humidity  measurements  with  a  sling  psychrometer  and  employing 
the  relation"^ 


^273 


1  ♦  O.lli? 


where  is  the  velocity  of  sound  in  air  ahead  of  the  shock, 
t  is  the  air  temperature  (Centigrade), 

is  the  partial  pressure  of  water  vapor  in  air,  and 
is  the  partial  pressure  cf  the  air, 

A  comparison  of  results  obtained  by  this  method  and  by  the  '•firing-a-cap- 
raethod"  indicates  that  this  method  produces  reasonably  accurate  results.^ 

The  peak  pressures  were  obtained  independently  from  the  shock-front 
velocity  measurements  by  the  application  of  the  Rankine-Hugoniot  ideal 
gas  relation 


P  -  P 

3  0  'y+1  ^ 

o 


- 1) , 


where  P^  is  the  peak  pressure, 

P^  is  the  atmospheric  pressure  ahead  of  the  shock, 

U  is  the  velocity  of  shock-front  propagation, 

is  the  velocity  of  sound  in  air  ahead  of  the  shock,  and 
Y  is  1,U0  (ratio  of  specific  heats  for  air). 

The  wind  speed  and  direction  were  measured  with  an  anemometer  and  weather 
vane  in  the  vicinity  of  the  firing  site,  and  the  component  of  the  wind 
velocity  parallel  to  the  line  from  the  charge  to  the  gaviges  was  added  or 
subtracted  from  the  measxu'ed  shock-front  velocity,  depending  upon  its 
direction.  Wind  effects  were  held  to  a  minimum  by  restricting  firing  to 
fairly  calm  days,  or  to  days  viien.  a  slight  cross  wind  prevailed. 


1,  Final  Report  on  the  Shock  Tube;  J,C,  Fletcher,  W,T,  Read,  R.O,  Stover, 
and  D,K,  Weiner;  NDRC  A-356,  OSRD-6321;  19U6, 

2,  Unpublished  reports  The  Measurement  of  the  Velocity  of  Sound  in  an 
Open  Field;  Marvin  F,  Clarke,  Ordnance  Engineering  Laboratory,  BRL, 
Aberdeen  Proving  Ground,  Ifaryland, 
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The  distances  from  the  charge  at  ^ich  these  peak  pressures  apply 
(P  .<117  Ib/in^)  were  calculated  from  the  approximate  relation^ 


where  is  the  distance  from  the  charge  at  iMoh  the  average  shock 

velocity  measured  over  interval^l^r  Is  equal  to  the  instan¬ 
taneous  shock  velocity, 

R  is  the  distance  from  the  charge  of  the  mid-point  of  the 
velocity  interval, 

n  is  the  exponent  in  the  distanoe-deeay  law  idien  approximated 
by  a  power  function,  and 

4r  is  the  length  of  the  velocity  measurement  interval* 

The  distances  from  the  charge  at  tdiich  these  Mak  pressures  apply 

(P_  >  17  Ib/irf)  were  calculated  from  the  relation* 

8 

R  ■  R  [i  -  t  .?■  ♦/LUS^  Xl  I 


'V-  j 


where  R_,  R.  ,  n  andar  are  the  same  as  above, 
V  m  ' 


K  is  equal  to  , 

'  0 

A  is  equal  to  Ps  ,  and 


r  is  the  distance  from  the  center  of  the  charge  to  the  center  of 
the  gauge  element* 

The  peak  pressures  at  the  air-blast  gauge  positions  were  then  calcu¬ 
lated  from  the  relation 

Pn  /  r.  \2 


1,J>  -  Apparatus  for  Measurement  of  Air  Blast  of  Piesoelectric  Qauaest 

a.X%aeHHl}'«!  A-373r05Siy-5?5IT  - 


where  is  the  peak  pressure  at  the  position  where  the  average  shock 
velocity  over  interval  A  r  is  equal  to  the  instantaneous 
shock  velocity, 

P2  is  the  peak  pressure  at  the  gauge  position, 

r,  is  the  distance  from  the  center, of  the  charge  to  the  position 
where  the  average  shock  velocity  over  interval  Ar  is  equal 
to  the  Instantaneous  shock  velocity, 

r-  is  the  distance  from  the  center  of  the  charge  to  the  center  of 
the  air-blast  gauge  element,  and 

n  is  the  exponent  in  the  distance  decay  law  when  approximated  by 
a  power  function. 


The  effective  dynamic  gauge  responses  were  then  calculated,  employing 
the  relation'*' 


KA 


p  0  s 

•  V  p '• ' 

c  s 


» 


where  KA 


is  the  effective  dynamic  gauge  response  (141  coul./lb/in^), 

is  the  deflection  resulting  from  P  , 

8 

is  the  peak  pressure  at  the  gauge  position, 
is  the  calibration  voltage, 
is  the  deflection  resulting  from  E^,  and  . 
is  the  standard  capacitance  (p|if). 


EXPERIMENTAL  RESULTS 


The  effective  dynamic  KA*s  of  the  gauges  tested  as  a  function  of  peak 
pressure  level  are  plotted  in  Figures  U  to  8,  response  curves  having  been 
fitted  to  the  data  using  the  method  of  least  squares.  The  static  calibra¬ 
tions  of  the  gauges  have  also  been  included, 

BRL  gauges  T-63  and  T-66  are  round  unbaffled  gauges  of  identical  con¬ 
struction  and  dimensions  (Figure  3),  consisting  of  a  four-crystal  stack, 
made  of  1-3A  diameter  tourmaline  discs  cemented  to  a  steel  housing, 
and  sensitive  on  one  side  only.  The  ratio  of  the  diameter  to  thickness  of 
these  gauges  in  approximately  3:1>  and  Figures  U  and  5  show  that  these  gauges 
are  subject  to  the  greatest  reductions  in  response  of  the  gauges  tested. 


1,  Design  and  Use  of  Tourmaline  Gauges  for  Piezoelect^  Mtosurement  of 
Air  Blast?  A.B,  Arons  and  C,W,  Taitj  NibR6  A-3t2,  0Slifi-6S^bj  l9U6. 
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When  one-pound  charges  were  recorded  on  the  White  Trailer,  the  reduc¬ 
tions  in  response  of  the  BRL  gauges  increased  up  to  peak  pressures  of  UO 
lb/in2  at  which  point  they  were  approximately  1$  percent  below  the  static 
calibrations.  The  response  curves  level  off  at  this  peak  pressure  level 
a)id  then  start  to  rise,  the  reductions  in  response  at  57-lb/i*^^  peak  pres¬ 
sure  (Mach  1),  being  about  10  per  cent.  It  should  be  noted  that  the  fitted 
second  degree  curves  extrapolate  to  the  static  calibrations  in  the  case  of 
both  gauges. 

The  BRL  gauges  are  subject  to  much  greater  reductions  in  response  when 
recording  one-eighth  po^d  chaises  on  the  Prii-ceton  trailer,  the  reductions 
in  response  at  UO-lb/in'^  peak  pressure  being  approximately  33  per  cent  be¬ 
low  the  static  calibration.  The  fitted  first  degree  curve  extrapolates  to 
the  static  calibrations  in  the  case  of  BRL  gauge  T-66  but  not  in  the  case 
of  BRL  gauge  T-63,  However,  application  of  student’s  ’’t"  test^  indicated 
that  the  deviation  of  the  extrapolated  point  from  the  static  calibration 
was  not  significant  in  the  latter  instance. 

Three  shots  at  the  peak  pressure  level  of  i*0  Ib/in  on  the  plot  of  the 
response  curve  of  BRL  gauge  T-53  for  one-eighth  pound  charges  recorded  on 
the  Princeton  trailer  have  been  deleted  from  the  present  report  because 
it  is  now  believed  that  they  were  in  error*  Similar  variations  occurred 
during  the  present . series  of  tests  and  were  found  to  be  due  to  failure  of 
the  calibration  capacitor  to  make  contact  with  the  circuit  when  the  charge 
was  fired.  This  reduced  the  capacitance  of  the  circuit  and  caused  an 
erroneously  high  response  level  to  be  recorded. 

Pancake  gauges  Nos,  1  and  2  are  round  baffled  gauges  of  similar  con¬ 
struction  and  dimensions  excepu  for  their  edge  shape,  Ho,  1  having  a 
pointed  edge  and  No.  2  having  a  rounded  edge  (Figure  3),  The  sensitive 
elements  of  these  gauges  consist  of  two  two-crystal  stacks  made  of  one- 
inch  diameter  tourmaline  discs  soldered  to  opposite  sides  of  a  central 
brass  tab,  which  is  an  integral  part  of  the  brass  baffle.  These  gauges 
are  sensitive  on  both  sides.  The  ratio  cf  the  diameter  of  the  baffle  to 
the  thickness  of  these  gauges  is  lOsl,  a  ratio  which,  in  conjunction  with 
the  edge  shape  of  pancake  gaTige  No,  1,  should  hold  the  •'flow-effect  exTor" 
to  a  maximum  of  five  per  cent  up  to  peak  pressures  of  |5  Ib/in^  (Mach  0,8), 
acconilng  to  the  predictions  of  Mac  Donald  and  Schaaf,  and  Figures  6  and 
7  show  that  the  pancake  gauges  are  subject  to  much  smaller  reductions  in 
response  than  are  the  BKL  gauges. 


1,  "t”  tests  A  statistical  test,  of  Ifypotheses,  one  of  whose  applications 
is  the  testing  of  the  difference  between  two  means.  In  this  case,  we 
are  testing  to  determine  whether  the  value  of  the  extrapolated  dynamic 
KA  at  zero  peak  pressure  could  have  come  from  a  population  whose  value 
at  zero  peak  pressure  equals  the  static  calibration. 

2,  On  the  Estimation  of  the  Perturbations  due  to  Flow  Aroxmd  Blast  Gauges; 
J.K,L.  Macfiohald  and  57a.  Schaaf;  AMF  Note 
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Vfhen  one^pound  charges  were  recorded  on  the  White  trailer,  the  reduc¬ 
tions  in  response  of  the  pancake  gauges  wet-e  approximately  four  per  cent  at 
the  liO  lh/±rr  peak  pressure  level  and  six.  per  cent  at  57  Ib/ir?.  The  first 
degree  curve  fitted  to  the  data  cf  pancake  gauge  No,  2  extrapolated  to  the 
static  calibration  of  that  gauge,  but  the  first  degree  curve  fitted  to  the 
data  of  pancake  gauge  No.  1  did  not.  Application  of  the  t  test  indicated 
a  significant  difference  in  this  case.  A  number  of  one-eighth  pound  charges 
recorded  on  the  White  trailer  did  not  produce  as  high  a  response  level  as 
the  one-pound  charges  in  the  case  of  pancake  gauge  No.  2,  although  the  slope 
cf  a  straight  line  passed  through  these  points  appears  to  be  about  the  saine. 

The  pancake  gauges  are  subject  to  much  greater  reductions  in  response 
when  one-iighth  pound  charges  are  recorded  on  the  Princeton  trailer,  the 
reduction  being  about  20  per  cent  at  the  1*0  Ib/icr  peak  pressure  level. 
Again,  it  is  noted  that,  the  first  degree  curve  fitted  to  the  data  of  pan¬ 
cake  gauge  No.  2  eJrt.rapolates  to  the  static  calibration^  while  the  first 
degree  curve  fitted  to  the  data  cf  paiiv^ake  gauge  No.  1  does  not,  the  t  test 
indicating  a  significant  difference. 

The  pencil  gauge  is  an  air-blast  gauge  of  new  design,  shaped  like  a 
pencil,  with  two  six-crystal  stacks  made  of  l/2-inch  diameter  tourmaline 
discs  inserted  into  openings  on  opposite  sides  of  the  pencil  at  its  mid¬ 
point  (Figure  3).  The  ratio  of  the  lengi-h  of  the  pencil  to  its  thickness 
is  approximately  20s 1,  which  should  hold  the  flow-effect  error  to  a  very 
low  value,  and  Figure  8  shows  that  the  pencil  gauge  is  the  least  subject 
to  response  errors  of  the  gauges  tested. 

When  recording  ona-pound  charges  on  the  White  trailer,  the  response 
curve  of  the  pencil  gatige  shows  only  a  one  per  cent  reduction  up  to  the 
80-lb/in^  peak  pressure  level,  ■’nd  the  fitted  first  degree  curve  extra¬ 
polates  to  the  static  calibrati^j.  The  one*'eighth  pound  charges  that 
were  included  produced  the  same  response  level  as  the  one-pound  charges 
in  this  case. 

In  contrast,  when  recording  onS'-eighth  pound  charges  on  the  Princeton 
trailer,  the  pencil  gauge  is  subject  tc  a  22  per  cent  reduction  at  UO-lb/in^ 
peak  pressTire,  The  fitted  first  degree  cxirve  does  not  extrapolate  to  the 
static  calibration,  the  t  test  indicating  a  significant  difference. 

The  percentage  response  errors  as  a  function  of  peak  pressure  level 
have  been  tabulated  in  Table  I  and  II,  the  effective  dynamic  KA*s  at 
zero  peak  pressure  having  been  used  as  the  reference  point.  These  cor¬ 
respond  with  the  static  calibration  in  most  instances. 
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TAPIS  I 


Percentage  Errors  in  Effective  Gauge  Response  Versus  Peak  Pressure 


One-Pound  Charges 5  White  Trailer 


Gauge 

10  lb. 

20  lb. 

30  lb. 

UO  lb. 

$0  lb. 

60  lb. 

70  lb. 

80  lb. 

Pencil  I'M- 

0.1^ 

0.2$ 

0.3$ 

0.U$ 

0.5$ 

0.6$ 

0.7$ 

0.8$ 

Pancake  1 

l.W 

2,8$ 

li.2$ 

^.7$ 

7.3$ 

8.5$ 

— 

Pancake  2* 

1.2$ 

l.U$ 

2.6$ 

3.2$ 

U.3$ 

l;.6$ 

5.5$ 

~ 

BRL  T-63* 

7.6$ 

12.9$ 

•1,  >  ♦ 

16.7$ 

15.3$ 

11.3$ 

mm 

mm 

BRL  T-66» 

6oli$ 

10.9$ 

13.5$ 

13.5$ 

12.2$ 

7.7$ 

Notes  Ex  ipolated  effective  dynavdc  KA  used  as  the  reference  point. 
*  Extrapolated  dynamic  KA  corresponds  with  static  calibration. 

•TABLE  II 

Percentage  Errors  in  Effective  Gauge  Response  Versus  Peak  Pressure 
One-Eighth  Pound  Charges,  Princeton  Trailer 


Gauge 

ID  lb. 

20  lb. 

30  lb. 

UO  lb. 

50  lb. 

60  lb. 

70  lb. 

80  lb. 

Pencil  1 

U«6$ 

11.7$ 

18,2$ 

23.9$ 

30.0$ 

mm 

mm 

Pancake  1 

3.7$ 

7,8$ 

11,2$ 

15.2$ 

18,7$ 

— 

mm 

— 

Pancake  2^ 

6.W 

r..,9$ 

rM$ 

22.6$ 

28.1$ 

vw 

~ 

— 

BRL  T-63* 

15.8$ 

26.8. 

32,3$ 

mr^ 

— 

m»m 

m<» 

BRL  T-66 

15.9$ 

27.6$ 

3U.7$ 

38.2$ 

.. 

mm 

... 

Notes  Extrapolated  effective  dynamic  KA  used  as  the  reference  point. 

*  Extrapolated  dynamic  KA  corresponds  with  static  calibration. 

An  additional  comparison  of  these  percentage  response  errors  for  the 
respective  air-blast  gauges  is  shown  in  Figures  9  and  10, 
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INTERPRETATIOM  OF  EXPERIMENTAL  RESULTS 


Figures  h  to  8  reveal  that  in  a  number  of  instances  discrepancies 
exist  between  the  static  and  the  effective  dynamic  calibrations  when  the 
latter  are  extrapolated  to  zero  peak  pressure,  the  most  outstanding  case 
being  that  of  Pancake  gauge  No.  1.  This  gauge  was  rebuilt  during  the 
tests,  and  the  possibility  exjyted  that  the  static  c^LLibration  of  the 
gauge  had  changed.  However,  a  static  calibration  run  on  this  gauge  fol¬ 
lowing  conflation  of  the  tests  duplicated  the  original  calibration;  and 
this  result,  together  with  the  fact  that,  the  fitted  curves  extrapolate 
to  the  static  calibrations  in  seven  oxit  of  eight  other  cases,  would  seem 
to  indicate  that  the  data  are  in  error  in  these  instances  idiere  agree¬ 
ment  between  the  extrapolated  effective  dynamic  calibration  and  the  static 
calibration  does  not  exist.  These  discrepancies  may  possibly  be  caused 
by  inaccurate  velocity  measurements, 

A  reduction  in  the  percentage  response  errors  represents  an  inf  rove- 
ment  in  the  recording  characteristics  of  the  gauges  and  equipment.  A  com¬ 
parison  of  Figures  9  and  10  shows  that  the  percentage  response  errors  of 
all  gauges  tested  ware  considerably  reduced  when  the  White  recordirjg  trailer 
was  substituted  for  the  Princeton  recording  trailer,  and  one-pound  charges 
were  enfloyed  instead  of  one-eighth  pound  charges. 

All  factors  during  the  two  series  of  tests  were  identical  with  the 
exceptions  of  the  velocity  gauges,  the  charge  size,  and  the  recording 
trailers.  It  is  therefore  logical  to  assume  that  one  or  more  of  these 
factors  was  responsible  for  the  observed  reductions  in  the  magnitudes  of 
the  percentage  response  errors. 

The  use  of  different  type  velocity  gauges  during  the  two  series  of 
tests  is  not  believed  to  have  been  an  important  factor,  since  tests  have  shown 
that  the  shock-front  velocities  recorded  by  the  two  types  of  gauges  com¬ 
pare  favorably. 

The  difference  in  charge  size,  however,  could  make  a  significant 
difference,  since  one  pound  charges  produce  shock  durations  >diich  are 
t.wice  as  long  as  those  produced  by  one-eighth  pound  charges.  In  effect, 
this  would  reduce  the  gauge-size  errors  by  a  factor  of  two. 

The  response  characteristics  of  the  recording  trailers  could  also 
make  a  significant  difference.  Assuming  that  the  rise  times  of  the  pres¬ 
sure-time  records  correspond  approximately  with  the  gauge-crossing  times, 
and  that  the  frequency  response  <'f  the  amplifiers  should  be  flat  to  ten 
times  the  rise-time  frequency  for  faithful  reproduction,  a  rough  calcula¬ 
tion  would  indicate  the  need  for  an^jlifiers  whose  frequency  responses  are 
flat  to  at  least  100,000  cycles. 


26 


Examination  of  the  frequency  response  curves  of  the  IVhite  and  Pri.nceton 
trailer  amplifiers  shows  that  those  of  the  White  trailer  are  flat  to  80)000 
cycles  while  those  of  the  Princeton  trailer  are  flat  to  only  li0,000  cycles. 
Moreover)  filters  installed  in  the  latter  trailer  to  eliminate  interference 
from  radio  station  NSS  at  17)800  cycles  have  the  effect  of  attenuating  the 
response  and  causing  phase  shift,  idilch  limits  the  flatness  of  response  of 
these  amplifiers  to  approximately  15,000  cycles.  Sec  Table  III. 


TABLE  III 


Desirable  Versus  Actual  Amplifier  Frequency  Response 

2 

lO-lb/ln  Peak  Pressure 


Type  of 
Gauge 

Freq.  Res.  Shoxild 
be  Flat  tos 

White  Trailer 

Is  Flat  tot 

Princeton  Trailer 
Is  Flat  Tot 

Pencil 

83,liOO 

80,000 

15,000 

Pancake 

1;1,700 

80,000 

15,000 

BRL 

23,800 

80,000 

Xp|W\/W 

60-lb/in^ 

Peak  Pressure 

Pencil 

139,500 

80,000 

15,000 

Pancake 

69,500 

80,000 

15,000 

BRL 

39,600 

80,000 

15,000 

It  would  therefore  appear  that  the  frequency  response  characteris¬ 
tics  of  the  White  Trailer  amplifiers  are  reasonably  adequate  for  recording 
blast-gauge  outputs  with  fidelity.  Those  of  the  Princeton  Trailer  ampli¬ 
fiers,  however,  would  appear  to  be  inadequate, 

A  comparison  of  Figures  9  and  10  shows  that  approximately  the  same 
differences  exist  between  the  percentage  response  error  curves  of  the 
respective  gauges  on  both  graphs.  This  is  illustrated  in  Tables  IV  and  V, 
in  which  the  differences  between  the  curves  of  BRL  gatige  T-63  and  pancake- 
gauge  No,  2  have  been  tabulated.  These  gauges  were  selected  for  comparison 
purposes  because  their  extrapolated  dynamic  KA*s  corresponded  with  their 
static  calibrations  on  both  test  series. 
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TABLE  IV 


Differences  in  Percentage  Response  Errors 


One-Pound  Charges,  White  Trailer 

Gauge 

10  lb. 

20  lb. 

30  lb. 

UO  lb. 

BRL  T-63* 

7.558 

12.758 

16.058 

17.0^ 

Pancake  2* 

1.058 

1.7^8 

2.058 

3.0^ 

Difference 

6.558 

ll.OjJ 

mc058 

lli.058 

•»  Extrapolated  dynamic  KA 

corresponds  with  static  calibration. 

TABLE  V 

Differences 

in  Percentage  Response  Errors 

One-Eighth  Pound  Charges, 

Princeton  Trailer 

Gauge 

10  lb. 

.  20  lb. 

30  lb. 

IaO  lb. 

BRL  T-63* 

15.558 

26.558 

32.558 

36.058 

Pancake  2* 

6.058  • 

17.058 

23.058 

Difference’ 

9.558 

15.058 

15.5S8 

13.058 

*  Extrapolated  dynamic.  KA  corresponds  with  static  calibration* 


Figure  9  shows  that  the  pencil  and  pancake  gauges ,  both  of  which 
require  an  amplifier  which  is  flat  to  a  higher  frequency  than  would  be 
necessary  for  the  BRL  gauges,  are  recorded  with  small  percentage  response 
errors  by  the  White  trailer.  It  would  therefore  appear  that  some  factor 
other  than  frequency  response  must  be  responsible  for  the  much  greater 
reductions  in  response  of  the  BRL  gauges.  Other  possible  causes  of  these 
differences  in  response  are  the  gauge-size  error  and  the  flow-effect  error, 
which  were  discussed  in  the  introduction.  If  these  differences  in  response 
were  caused  solely  by  the  gauge-size  error,  the  differences  between  the 
response  curves  should  become  greater  and  greater  with  increased  peak  pres¬ 
sure  level,  since  the  shock  durations  are  progressively  reduced  tMle  the 
diameter  of  the  gauge  element  remains  constant.  The  flow-effect  error,  on 
the  other  hand,  presumably  might  increase  up  to  a  certain  peak  pressure 
level  and  then  decrease,  which  is  the  type  of  effect  observable  in  the  case 
of  the  BRL  gauges,  as  shown  in  Figure  9.  No  doubt,  both  of  these  errors 
are  present. 


One  other  possible  cause  of  response  error  shoi;ld  be  mentioned. 
Tourmaline  is  subject  to  a  ’'pyroelectric  effect*  unless  it  is  insulated 
against  the  temperature  rise  in  blast  waves,  a  change  of  1°  C  having 
the  same  effect  as  a  pressure  of  200  Ib/in^,  with  the  effects  being  of 
opposite  sign.l  The  type  and  thickness  of  the  insulating  coating  varies 
in  the  case  of  the  gauges  included  in  these  tests,  but  it  is  believed 
to  be  svLtficient  in  all  cases  to  eliminate  this  affect  as  a  source  of 
error. 


Casual  inspection  of  Figures  I;  t-o  8  would  seem  to  indicate  that  all 
of  the  gauges  tested  are  subject  to  approximately  the  same  relative 
scatter  regardless  of  element  size  or  baffle  dimensions. 

Application  of  the  variance  ratio  or  *F*  test^  to  the  data  from  one- 
pound  charges  recorded  on  the  White  trailer  shows  that  the  average  rela¬ 
tive  errors  are  of  the  same  order  of  magnitude  for  all  of  the  gauges 
tested.  See  Table  VI, 

TABLE  VI 

Average  Relative  Errors  in  KA 


One-Pound  Charges,  White  Trailer 


Type  of 

Gauge 

Crystal 

Diameter 

Baffle 

Dimensions 

Average  Rela¬ 
tive  Errors 

Pencil  1 

0.5* 

20-1 

3.90 

Pancake  1 

1.0« 

10-1 

3.5U 

Pancake  2 

l.O* 

10-1 

3.U5 

BRL  T-63 

1.7" 

3-1 

3.58 

BRL  T-66 

1,7" 

3-1 

3.19 

A  study  was  also  jnade  of  the  regression  of  relative  scatter  on  peak 
pressure  by  the  method  of  least  squares.  The  results  indicated  that  the 
relative  scatter  increases  slightly  with  increased  peak  pressure  level  in 
the  case  of  pancake  gauge  No.  1,  but  not  in  the  cases  of  the  other  gauges 
tested. 


1,  Blast  Pressure!  and  Momenta  from  Seme  Large  Bombe}  E.B,  Wilson,  Jr., 
and  W,  t),  Kennedy!  NSECJ  OSRD- 30^6;  1 9lO 

2  *  £  tests  A  statistical  test  of  the  hypothesis  that  two  saii?>les  may 
come  from  normal  populations  with  equal  variances. 
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It.  would  therefore  appear  that  the  scatter  in  the  data  is  independent 
of  the  gauge  size  and  shape,  as  well  as  peak  pressure  level,  and  must  be 
attributed  to  some  other  factor,  or  combination  of  factors. 

An  effort  was  made  to  relate  the  errors  in  KA  to  errors  in  P  (peak 
pressure).  However,  the  correlation  was  not  found  to  be  signiflcSnt, 

It  is  logical  to  assume  that  gauges  of  the  same  physical  dimensions, 
containing  the  same  size  sensitive  elements,  and  insulated  in  a  similar 
manner,  should  be  subject  to  the  same  percentage  response  errors, 

BRL  gauges  T-63  and  T-66  are  identical  in  every  way,  and  Figures  9 
and  10  show  that  their  percentage  response  error  curves  are  in  general 
agreement  with  this  hypothesis. 

Pancake  gauges  Nos.  1  and  2  are  identical  except  for  their  edge 
shape.  The  percentage  response  error  curves  of  these  gauges,  as  shown 
in  Figure  9  for  one-pound  charges,  are  also  in  reasonable  accord  with 
this  hypothesis.  However,  their  percentage  response  error  cuirves,  as 
shown  iri  Figure  10  for  one-eighth  pound  charges,  are  not  in  such  good 
agreement.  This  is  due  to  the  variation  in  the  extrapolated  KA  of  Pan¬ 
cake  gauge  No.  1, 

In  view  of  the  differences  between  the  percentage  response  error 
curves  of  the  BRL  gauges,  as  shown  in  Figures  9  and  10,  it  would  appear 
that  the  accuracy  of  these  curves  is  limited  to  a  spread  at  the  60- 
Ib/in^  peak  pressure  level. 

Consequently,  while  the  percentage  response  error  curves  of.  the  pan¬ 
cake  gauges,  as  shown  in  Figure  9,  make  it  appear  that  pancake  gauge  No,  2 
(roxinded  edge)  is  least  subject  to  percentage  response  error,  this  is  not 
necessarily  true  since  the  spread  between  these  curves  also  amounts  to  \x% 
at  the  bO-lb/in*  peak  pressure  level. 

Moreover,  the  percentage  response  error  curves  of  the  pancake  gauges, 
as  shown  in  Figure  10,  make  it  appear  that  pancake  gauge  No,  1  (pointed 
edge)  is  least  subject  to  response  error. 

Application  of  the  "t"  test  indicates  that  the  slopes  of  the  response 
curves  of  both  pancake  gauges  are  not  significantly  different  from  zero. 

It  would  therefore  appear  that  the  difference  in  edge  shape  of  these  gauges 
produced  nc  significant  difference  in  their  iresponses. 

By  applying  similar  reasoning  to  the  position  of  the  percentage  re¬ 
sponse  error  curves  of  the  penqll  gauge  with  reference  to  the  ciuves  of 
the  pancake  ga\iges  in  Figures  9  and  10,  it  cannot  logicaHly  be  said  that 
there  is  a  significant  difference  in  the  responses  of  these  two  types  of 
gauges. 
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This  is  supported  by  application  of  the  '*t“  test,  which  shows  that 
the  slopes  of  the  percentage  response  error  curves  of  both  the  pencil 
and  pancake  gauges  are  not  significantly  different  from  zero. 

It  should  be  noted  that  the  data  on  the  pencil  gauge  were  taken  using 
both  12  and  8  inch  nose  sections,  and  no  discernible  diffei*ence  in  the 
responses  of  the  gauge  occurred.  The  ratio  of  the  length  of  the  pencil 
gauge  to  its  thickness  is  30sl  using  the  12  inch  nose,  and  22:1  using  the 
B-inch  nosej  and  it  may  be  that  a  nose  section  somewhat  shorter  than  8 
inches  could  be  used  without  affecting  the  response  of  the  gauge. 


ESTIMATED  RESPONSE  ERRORS 


It  was  believed  that  it  would  be  of  interest,  in  view  of  predictions 
made  in  the  literature,  to  calculate  the  values  of  the  response  errors 
that  are  believed  to  be  involved  in  blast  gauge  recordings  and  then  com¬ 
pare  the  totals  of  these  estimated  response  errors  with  the  response  errors 
actually  recorded  during  these  tests. 

This  has  been  done  at  two  peak  pressure  levels,  using  the  data  ob¬ 
tained  by  recording  one-pound  charges  on  the  White  trailer,  and  one-eighth 
pound  charges  on  the  Princeton  tr^ler.  The  extrapolated  dynamic  KA  at 
zero  peak  pressure  has  been  used  as  the  reference  point.  This  corresponds 
with  the  static  calibration  in  nwst  instances. 

The  eatiraatedL  flow-effect  errors  were  calculated  using  the  relation 
employed  by  Schaaf^ 

70 

6  «  - - —  .  C  I  O  ; 

whej?e  6p  is  the  percentage  flow-effect  error, 

K  is  the  Mach  number  behind  the  shock-front,  and 

Cp  Q  is  the  mean  pressure  coefficient  over  the  gauge  suirface. 

(The  application  of  this  equation  to  a  pencil  shape  is  a  doubtful  procedure.) 

2 

Next  the  estimated  gauge-size  errors  were  calculated  using  the  relation 


1  Estimation  of  Perturbations  due  to  Flow  Around  Blast  Gauges  with 


Spheroidal  Shapes;  S.A.  Schaafj  AMl-NIu  lUUj  lyUo, 

2  ••Design  and  Use  of  Piezoelectric  Gauges  for  Measuring  Large ^Transient 
Pressures^'t  A.B,  Arons  and  R.H.  Cole;  Review  of  Scientific  Instruments 


a 

c  e 

where  a  is  the  radius  of  the  sensitive  element, 

c  is  the  velocity  of  shock-front  propagation,  and 
C  is  the  initial  decay  time  of  the  trace. 

(This  relation  applies  when  the  ratio  of  half  the  gauge-crossing  time  to 
the  initial  decay  time  of  the  recorded  trace  is  less  than  1/5 ») 

The  estimated  high  frequency  amplifier  response  errors  were  then 
calculated  from  the  relation'*' 


Mn  ♦  (1  . 

where  is  the  fractional  error  recorded  by  the  amplifier, 

^  is  equal  to  I^, 

K  equals  RC  equals  1/2  n  f 

c 

RC  is  the  time  -constant  of  the  input  circuit, 

f ,  is  the  frequenqr  at  irtiich  the  airplifier  response  is 
''  down  to  70  per  cent  of  its  mid-band  response, 

#  is  the  initial  decay  time, 

^  is  the  constant  2.71828, 

»  is  and 

Y  is  the  gauge  crossing  time. 

The  peak  pressures  at  the  blast-gauge  positions,  as  obtained  from 
the  two-point  velocity  measurements,  were  reduced  by  the  estimated  flow- 
effect  error  percentages  in  order  to  obtain  the  peak  pressiu'es  acting 
upon  the  respective  blast-gauge  sensitive  elements. 

The  peak  pressures  effective  upon  the  respective  blast-gauge  sensi¬ 
tive  elements  were  then  reduced  by  the  sums  of  the  estima-ted  gauge-size 
error  and  the  estimated  high  amplifier  response  error  percentages  so  as 
to  obtain  the  peak  pressures  which  the  respective  blast-gauges  should  have 
recorded. 

The  percentage  differences  between  the  peak  pressures  at  the  blast-gauge 
positions,  as  determined  by  the  two-point  ’Velocity  method,  and  the  peak  pres¬ 
sures  which  the  respective  blast  gauges  should  have  recorded,  were  then  cal¬ 
culated. 

The  results  of  these  calculations  are  presented  in  Tables  VII  and  VIII, 
along  with  the  response  errors  which  were  actually  recorded  during  these 
tests . 

n  "Design  and  Uss  of  Piezoelectric  Gauges  for  Meastxring  Large  Transient 
Pressure3''j  A.B.  Arons  and  R.H.  Colej  Review  of  Scientific  Instruments; 
January  1950, 
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Estimated  Response  Errors  Versus  Recorded  Response  Errors 
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Extrapolated  djn^iamic  KA  corresponds  wi^h  static  ca?.ibration 


TABLE  VIII 
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w^fects  of  filter  attenuation  not  taken  into  consideration 


INTERPRETATION  OF  ESTIMATED  RESPONSE  ERROR  RESULTS 


Ari  examination  of  Table  VII  reveals  that  close  agreement  between  the 
totals  of  the  estimated  response  erroi'3  and  the  recorded  response  errors 
has  not  been  achieved  in  the  case  of  one~pound  charges  recorded  on  the 
White  trailer,  the  recorded  response  errors  being  considerably  less  than 
the  estimated  response  errors. 

Better  agreement  is  shojm  in  Table  VUI,  which  presents  the  results 
of  the  estimated  response  error  calculations  having  to  do  with  one-^eighth 
pound  diarges  recorded  on  the  Princeton  vi-aaJLer,  but  the  agreement  would 
not  be  nearly  as  good  if  the  effects  of  filter  attemiation  could  be  calcu¬ 
lated  and  taken  into  consideration. 

The  lack  of  close  agreement  between  the  estimated  response  errors  and 
the  recorded  response  errors  ^dien  one-pound  charges  were  recorded  on  the 
White  trailer  casts  doubt  upon  the  validity  of  the  respective  response 
error  calculations,  the  indication  being  that  the  sagnitude  of  one  or  more 
of  the  response  errors  hag  been  over  estimated. 

Of  the  response  errors  which  have  been  considered,  the  indications 
are  that  the  gauge-size  and  frequency  I'espon.-'  error  calculations  are  the 
most  valid,  while  the  validity. of  the  flow-effect  error  calculations 
remains  in  doubt.  In  this  connection,  Hicks  and  Armstrong!  have  recently 
reported  that  a  series  of  idnd  tunnel  t-eats  have  indicated  the  magnitude 
of  tiie  ilow-effect  errors  affecting  blast  gtugee  to  be  only  one»third  to 
one-half  the  values  predicted  by  Mat^onald  end  Sc3»a«f . 

The  possibility  also  exists  that  the  response  levels  of  tho  gauges, 
as  calculated,  are  erroneously  high.  This  effect  could  reeult  if  the 
corrections  applied  to  the  peak  pressures  obtained  from  the  velocity 
measurements  are  invalid,  this  conclusion  having  recently  been  reached 
by  Cooney  and  Sperrazza.  *  (These  corrections  were  applied  to  account 
for  the  fact  that  the  average  velocity  is  not  effective  at  the  center  of 
a  two-point  velocity  measurement  interval  when  an  exponential  decay  is 
involved.) 

A  large  reduction  in  the  magnitudes  of  the  estimated  flow-effect  errors 
to  agree  with  the  results  reported  by  Hicks  and  Armstrong,  plus  elimination 
of  the  peak  pressure  corrections  in  accordance  with  the  conclusion  of 
Cooney  and  Sperrazza,  would  bring  about  good  agreement  between  the  estl- 
inated  response  errors  and  the  recorded  response  errors  in  the  case  of  one- 
pound  charges  recorded  on  the  White  Trailer. 


n  Ae'rodynairdc  6alibration  of  Blast  Ganges;  E.P.  Hicks  and  A.H.  Armstrong} 
Armament  ftesearch  Establishment  fteport  ( British ) ;  1950. 

2.  The  Position  at  which  the  Velocity  of  a  Blast  Wave  Equ^  the  Average 
Veid^ty  over  an  interval;  Irene  H.  Cooney  and  Josepn^Sperrazza;  Hm<~ 
fesraorandum  Report  No.  51*1}  Kay,  1951 » 
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CONCLUSION 


The  information  obtained  through  the  carrying  out  of  these  tests 
njay  be  summarized  as  follows  s 

1.  A  large  reduction  in  the  percentage  response  errors  of  all 
gaxiges  tested  occurred  when  aii5>lifiers  with  excellent  frequency  response 
characteristics  (flat  to  BOyOOO  cycles)  were  substituted  for  amplifiers 
having  poor  frequency  response  characteristics  (flat  to  15,000  cycles), 
and  one-pound  charges  were  used  instead  of  one-eighth  pound  charges. 

2.  Approximately  the  same  percentage  response  error  differences 
between  the  respective  gauges  were  obtained  from  both  series  of  tests, 
with  the  pencil  and  pancake  gauges  being  greatly  superior  to  the  BRL  gauges 
in  linearily  of  response. 

3.  The  prediction  of  MacDonald  and  Scaaf,  that  a  mininmin  baffle 
diameter  to  thickness  ratio  of  lOsl  is  desirable,  has  been  confirmed  over 
the  peak  pressure  range  from  10  to  80  Ib/in^. 

U.  No  significant  difference  was  ‘found  between  the  response-  cf 
pancake  gauges  identical  in  every  way  except  for  their  edge  shape,  one 
having  a  rounded  edge  and  the  other  a  pointed  edge  (n,A). 

5.  The  responses  of  gauges  having  a  pencil  shape  and  those  having 

a  pancake  shape  were  not  found  to  be  significantly  different*  (The  length 
to  thickness  ratio  of  the  pencil  gauge  was  20:1,  while  the  diameter  to 
thickness  ratio  of  the  pancake  gauge  was  10:1,) 

6,  No  significant  difference  was  found  between  the  responses  of 
pencil  gauges  having  length  to  thickness  ratios  of  30:1  and  20:1  (crystal 
stack  in  side  of  pencil), 

7*  Curves  fitted  to  the  data  using  the  method  of  least  squares 
extrapolated  to  the  static  calibrations  in  most  instances, 

8,  All  gaxiges  tested,  regardless  of  size,  shape,  or  applied  peak 
pressure  level,  were  found  to  produce  the  same  relative  scatter. 

No  correlation  was  found  between  errors  in  dynamic  gauge  KA 

and  errors  in  P_  (peak  pressure) , 

s 

10.  Attempts  to  estimate  the  response  errors  of  blast  gauges  from 
theoretical  considerations  failed  to  produce  good  agreement  with  the  recorded 
response  errors,  the  recorded  response  errors  being  considerably  less  than 
the  estimated  response  errors.  However,  recently  reported  information  would 
appear  to  make  good  agreement  possible. 
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With  reference  to  future  programs,  it  wjuld  be  of  interest  to  con¬ 
duct  a  series  of  field  test  specifically  designed  to  determine  the  mag¬ 
nitude  of  the  flow-effect  error.  D.C,  amplifiers  whose  frequency  response 
is  flat  to  100,000  cycles  should  be  employed,  so  as  to  reduce  the  fre¬ 
quency  response  error  to  a  minimum.  Then  by  testing  an  air-blast  gauge 
both  with  and  without  a  baffle  at  a  given  peak  pressure  level,  the  approxi¬ 
mate  magnitude  of  the  flow-effect  error  could  be  determined,  since  the 
gauge-size  error  would  be  constant,  and  aiy  difference  in  response  would 
be  due  to  the  flow-effect  error  alone.  The  baffle  should  have  a  minimum 
diameter  to  thickness  ratio  of  10:1, 
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